Smokeless tobacco (ST), an alternative to smoking, has gained wide popularity among tobacco users. This study is conducted to determine the time course of gene expression associated with specific signaling pathways in human oral epithelial cells after exposure to smokeless tobacco extract (STE). A differentiated layer of epithelial cell is created as a way to mimic reasonably similar physiological atmosphere. A dose and time dependent response is observed for cell viability and cell proliferation assays indicating that this model system is responsive to the treatment. Expressions of 84 genes representing 18 different signal transduction pathways are quantitated. This is accomplished by using real-time polymerase chain reaction arrays at 1 h, 3 h, 6 h and 24 h time points following exposure to STE. Changes in gene expression are observed on many cellular processes including cell cycle regulation, cell adhesion, inflammation, apoptosis, and DNA breaksdown including Akt pathway activation. Short time exposure (1 h) leads more genes to down regulate whereas longer incubation time results in more genes up regulation. Most notable differences in the expression of genes during the course of treatment are BCL2A1, BIRC3, CCL20, CDK2, EGR1, FOXA2, HOXA1, IGFBP3, IL1A, IL-8, MMP10, NOS2, NRIP1, PTGS2, SELPLG and TNF-a. This study provides an insight on gene expression on oral epithelial cells as a result of STE exposure. This may also postulate greater understanding on biological effects and the mechanism of action of STE particularly at the transcriptional level.
Introduction
There is a global increase in the incidence and mortality rate of head and neck cancer [1] . The social habit of tobacco use is implicated as the major factor involved in the etiology of the disease [2] [3] . Smokeless tobacco (ST) is mainly used orally as an alternative to cigarette smoking and its use in the US has been persistent in the recent past [4] . ST is not only an addictive agent, but it also has levels of nicotine and other ingredients comparable to conventional cigarettes [5] . More than 30 carcinogens exist in ST, including volatile and tobacco-specific nitosamines, nitrosamino acids, polycyclic aromatic hydrocarbons, aldehydes and metals [6] . Epidemiological and meta-analysis suggested an increase of health risk for cancer and cardiovascular diseases with the use of ST products [6] [7] . Surprisingly, little is known about the mechanistic basis leading to the disease occurrence. That is partly due to both for not having a well-defined model system and dynamic nature of chemical constitutes in the mixture. A better understanding of the response mechanism may help uncover relevant biomarkers in developing potentially reduced exposure products (PREPs).
ST associated health risks have been reported in the recent past. Exposure to STE enhances buccal mucosal injury and inflammation in human subjects leading to the development of dysplasia in the oral epithelium [8] . Carcinogens in ST products have been shown to form adducts with both DNA and hemoglobin, which enhances the risk of cancer development [3] . Use of ST has been attributed to an increased risk for atherosclerosis [4] , hypertension [9] , myocardial infarction [7] , stroke [10] , and diabetes mellitus [11] . Oxidative stress as a result of enhanced production of reactive oxygen species (ROS) and reactive nitrogen species plays an important role in STE-induced cell death [12] . Similarly exposure to STE increases the production of pro-inflammatory cytokines that are suggested to be associated with induction of periodontal disease [13] . The activation of endothelium and the increase in neutrophil transmigration as a result of STE exposure are suggested to be associated with the induction of atherosclerosis [14] . Previous reports indicated an increase in the induction of apoptosis by STE in a variety of cell types [15] [16] . Interestingly, STE induced toxicity leading to cell death is attributed to apoptosis on various oral cell types, including oral keratinocytes, hamster cheek pouch cells, and EBV-infected B cells [16] - [18] . However, an understanding of the molecular mechanism (s) leading to STE-induced apoptosis at the transcription level is minimal. STE increases up-regulation of pro-inflammatory protein, COX-2 on cell types derived from primary human cancer tissues [8] . STAT-5 and Cyclin D1 expression has been observed in oral squamous cell carcinomas exposed to STE indicating an activation of STAT5-Cyclin D1 pathway [19] [20] . Further, an activation of STAT-3 was shown in head and neck cancer [21] . Cell cycle regulatory proteins p53, p21waf1/cip1 and proliferation marker Ki67 including transcription factor Ets-1 and NF-κB were differentially altered in premalignant lesion in the oral cavity of long-term users of ST [22] [23] .
Despite previous studies highlighting the health risk associated with use of ST, a comprehensive studies focusing on its biological effects and cellular responses at transcriptional level are limited. Therefore, the purpose of this study was to investigate the effects of exposure to STE on human oral epithelial cell function. To accomplish this we monitored the simultaneous expression of 84 genes involved in 18 signal transduction pathways as a result of exposure to non-lethal dose of STE using a quantitative real-time polymerase chain reaction (qRT-PCR) based platform. Further, we have created a model system for human exposure studies by creating a differentiated epithelial cell layer to mimic reasonably similar biological tissue in the mouth. Combined technologies such as microarray and qRT-PCR analysis enable researchers to simultaneously study multiple genes involved in specific pathways [24] . A successful strategy for analyzing the mechanistic basis of cellular changes will require targeting several pathways at once.
Materials and Methods

Cell Culture
Progenitor cells isolated from human oral gingival tissue were purchased (ZenBio, NC) and maintained as pri-R. Rajapakse et al. 3560 mary human oral epithelial cells (HOEP) on serum-free defined media (CNT-24, ZenBio, NC) following manufacturer's instructions. To induce differentiation, cells were seeded in 6 well plates (Corning, NY) at 3 × 10 4 cells in CNT-24 media as submerged cultures. Once cells reached 80% to 85% confluence, replaced with CNT-32 (a defined media, ZenBio, NC) followed by feeding cells every other day with calcium enriched media (CNT-32 with 1.2 mMol of calcium chloride (GIBCO, NY)) for 7 days as instructed by the supplier. Two to three days after transferring into high calcium media, cells were visibly less proliferative and flattened whereas control cells remain committed to their characteristic appearance (cobblestone). The status of cell differentiation was evaluated both morphologically and biochemically during the course of differentiation. Involucrine, a differentiation marker, was analyzed at protein level by immunocytochemistry and RNA level by quantitative PCR. Cultures are taken for experiments at day 7 of differentiation, unless otherwise indicated.
Experimental Design
Cells at day 7 of differentiation were taken for experiments. For gene expression analysis, cells were treated with 10 mg/ml of smokeless tobacco extract (STE) for indicated time points whereas control samples were mock treated. At the end of the incubation, the treatment cells and control cells were decanted followed by two washes of cells with PBS. Three independent experiments were conducted for each exposure condition.
Isolation of Smokeless Tobacco Extract
Smokeless tobacco (moist snuff) extract (STE) was prepared by using research grade reference 1S3 moist snuff (a kind gift from Dr. David Danehower, North Carolina State University) as described in the literature [18] . Briefly, 10 g of smokeless tobacco was mixed with 100 ml of basal medium (CNT-32, ZenBio, NC). After incubation for 2 h at 37˚C, the suspension was centrifuged at 450 g for 10 min. The supernatant was subject to ultracentrifugation in a Sorvall centrifuge (SA-600 rotor) at 13,000 g for 1 h at 4˚C. The ultra-centrifuged supernatant was adjusted to PH 7.4 with 0.1 N hydrochloric acid and sterilized by filtration through 0.22 μm filter (Millipore) and immediately stored −80˚C as 2 ml aliquots. The sterile extract was named 10% STE based on weight/volume ratio. The 10% STE was further diluted with the culture medium to indicated concentrations.
Immunocytochemistry
Cells were grown on coverslips in 6 well plates (Corning, NY). When they reached the appropriate time points, they were washed two times with PBS, fixed with 80% ice-cold methanol for involucrin (Abcam, MA), and permeabilized with 0.5% v/v Triton for 10 min at room temperature. After three washes with PBS, the cells were blocked for 1 h with PBS containing 2% w/v BSA plus 5% v/v calf serum, and then incubated at 4˚C overnight with primary antibody. Cells were washed three times with PBS and incubated for 1 h at room temperature in a dark room with secondary antibody. For negative controls, the same procedure was performed without adding primary antibody. Nuclei were counterstained with 0.5 ng/ml 4'6-diamidino 2-phenylindole (DAPI). Slides were then mounted with fluoromount-G (SouthernBiotech, AL) and examined using a Leica confocal microscopy (SP5X, Wetzlar, Germany).
Neutral Red Cytotoxicity Assay
The Neutral Red Cytotoxicity Assay (NR assay) was used to assess the viability of cells after exposure to STE. The protocol for NR assay was based on guidelines set in 2001 by the National Institute of Health on using in vitro data to estimate in vivo starting doses for acute toxicity). Briefly, the culture medium was removed from the wells (96 well plate) and replaced with neutral red solution (0.05 g/l, sigma-Aldrich, MO). The cultures were incubated with neutral red solution for 3 h at 37˚C to allow uptake of the dye into viable cells. The wells were then washed thoroughly with PBS to ensure complete removal of unincorporated dye. The natural red was eluded from the cells by placing 250 μl of distilled water containing 50% ethanol and 1% acetic acid (vol:vol) into each well. Elutes were read on a microplate reader (Multiskan EX, Thermo Scientific, Waltham, MA) at 540 nm using a reference filter of 620 nm. Blank wells were included in the study to establish background levels of dye that were adsorbed onto the well matrix in the absence of cells. These background measurements were subsequently subtracted from those of the treated and untreated control cultures. Neutral Red uptake from the treatment was compared with that of the controls to calculate the percentage of cell viability relative to the con-R. Rajapakse et al. 3561 trols.
Cell Proliferation Assay (BRDU)
Cell proliferation was determined by 5-bromodeoxyuridine (BRDU) incorporation following manufacturer's instructions (Millipore, Billerica, MA). Briefly, 2 × 10 4 cells were seeded in each well (96 well plate), and once cells adhered to the surface, they were treated with STE followed by incubation with BRDU reagent for 4 h. Absorbance was read using a spectrophotometer at 450/550 nm (Multiskan EX, Thermo Scientific, Waltham, MA). The background was subtracted from the sample values. Treated sample was normalized to untreated control sample and inhibitory effect of proliferation was expressed as a percentage to reference controls.
RNA Isolation and Gene Expression Analysis
At each time points after exposure to STE, cells were washed twice with PBS and lysed by adding 1 ml of TRIzol (Invitrogen, CA) followed by isolation of RNA following manufacturer's instructions (RNeasy Qiagen). The mRNA was reverse-transcribed by using cDNA synthesis kit (iScript one-step, BioRad, CA) into cDNA and analyzed by real-time PCR (BioRad, iCycler, CA). RNA quality was assessed on Agilent Bioanalyzer (Agilent Technologies, CA). Real-Time PCR was performed using SYBR Green PCR reagents (BioRad, CA) with 100 ng of RNA and a pair of primers specific for the gene of interest. Each sample was tested in triplicate. Threshold values for target genes were normalized to beta-actin, and quantitative data was calculated using the ∆∆CT methods [25] . The expression of 84 relevant and pathway-focused genes were evaluated in a 96-well plate using the RT 2 Profiler PCR array Human Signal Transduction Pathway Finder (PAHS-014, SA Bioscience, Frederick, MD) and Human apoptosis pathway (PAHS-012). Changes in cycle threshold (∆Ct) values for each gene were obtained by subtracting the mean threshold cycle (Ct) of the housekeeping genes (B2M, HPRT1, RPL13A, GAPDH, ACTB) from the threshold cycle value of the gene. Normalized transcription was calculated as 2^ (−∆CT). The fold up-or down-regulation was calculated relative to the control by comparison of the normalized transcription of each gene. The genes that showed more than a 2-fold difference in expression were identified. Statistical analysis tools (including paired student t-test) provided by the manufacturer (SA BioSciences) with the qRT-PCR array kit was utilized to determine the level of significance in differential expression patterns. Significance was considered for genes that had p-value ≥ 0.05. Three independent experiments followed by three array runs were carried out for each time point.
Statistical Analysis
Data were expressed as mean ± standard deviation (SD). Statistical analysis with student's t-test was performed and the level of significance set at 0.05 (p).
Results
Creating a Differentiated Primary Human Oral Epithelial Cell Monolayer
Oral mucosal epithelial cells are the first line of cells to come into contact with smokeless tobacco product upon its placement in the oral cavity. This serves as a physical barrier that protects underlying cells and tissue from potential adverse effects of the products [26] . The differentiated cultures of primary oral epithelial cells were created as a way to mimic the normal physiology of oral epithelial tissue. Primary cells inherit a shorter lifespan in culture (4 -5 passages) with loss of epithelial morphology and character after 4 to 5 passages. Therefore, we took advantage of pluripotent stem cells derived from oral tissues from human donors, which grew on cultures longer without losing their characteristic morphology. The cultures of these cells had a similar morphology to regular human oral epithelial cells (Figure 1(a) ). The stage of differentiation was evaluated from the preliminary experiments both phenotypically and biochemically. Morphologically, as differentiation progressed, cells started to lose epithelial character (cobblestone appearance), but advanced into smaller, rounded shape cells with less cytoplasm and larger nuclei (Figure 1(b) ). Involucrin, a differentiation marker, is expressed in the latter stage of the differentiation process in oral epithelial cells [27] . Immunohistochemically, there was a clear expression of involucrin in differentiated cells when compared to undifferentiated cells. However, a basal expression of involucrin was observed in undifferentiated cells. Further, the expression of involucrin started to appear as early as 3 days on calcium and further increased with time. At day 7, almost all cells showed a robust expression of involucrin in the differentiated cell population, whereas only selected cells expressed it in undifferentiated cells (Figure 1(c) ). Further, we analyzed quantitatively the expression of differentiation markers such as Keratin-1, keratin-10 and involucrin at RNA level (Figure 1(d) ). Two and 3 fold difference in the expression of Keratin 1 and 10 was observed compared to undifferentiated cells at day 7 and 11, respectively. Interestingly, involucrin expression was 3 times higher at day 7, whereas it was 11 times higher at day 11 in differentiated cells compared to the controls, suggesting treatment with calcium leads cells to differentiate.
Effects of Smokeless Tobacco Extracts (STE) on Epithelial Cell Viability and Proliferation
First, we determined whether STE affect both the viability and proliferation of oral epithelial cells at physiologically relevant doses. We chose a range of STE doses that are similar to the level of nicotine found in saliva of those who uses ST regularly as measured by nicotine concentration. Human saliva of regular ST users contained 73 µg/ml to 1560 µg/ml of nicotine [28] . Our original STE only had 1.25% of nicotine, which is equivalent to 1250 µg/ml of nicotine in the absolute solution (assuming complete extraction). Doses of 1mg/ml (12.5 µg/ml of nicotine), 10 mg/ml (125 µg/ml of nicotine), and 100 mg/ml (1250 µg/ml of nicotine) of STE were incubated with cells for 1 h, 3 h, 6 h and 24 h followed by analysis for cell viability with NR assay. Further, the range of STE concentrations (1 mg/ml to 100 mg/ml) in our experiment is consistent with previous published data [26] . There was no noticeable difference in cell viability between treated and untreated control cells for 1 h and 3 h time points with 1 mg/ml and 10 mg/ml (Figure 2(a) ). Interestingly, the viability for 6 h and 24 h was 70% and 65% with exposure to 10 mg/ml, respectively. With the exposure to 100 mg/ml of smokeless tobacco, 80% viability at 3 h and 60% viability at 6 h were observed. One-hour incubation with the same dose did show any difference in the viability, whereas very low viability was seen for 24 h incubation (20%). The effect of STE for cell viability was closely associated with both incubation time and dose. The dose of 10 mg/ml of STE was chosen as a dose for the following experiments based on cell viability data. Three different time points were selected for subsequent experiments as follows: 1 h (acute exposure), 3 h and 6 h (intermediate exposure), and 24 h (long term exposure).
In an effort to explore the effect of STE on cell proliferation, we incubated cells with increasing concentrations ranging from 1 mg/ml (1%) to 50 mg/ml (50%) of smokeless tobacco for 6 h, 24 h and 48 h. Inhibition of proliferation was analyzed by BRDU assay. Until the concentration reached 10 mg/ml, there was no notable difference in the proliferation. At 6 h time point, STE-treated cells had 82% proliferative cells compare to control sample (Figure 2(b) ). With the increase of the concentration from 10 mg/ml to 25 mg/ml and 50 mg/ml, the Effect of IS3 on the proliferation of HGEP cells. Once cells differentiated, cells exposed to increasing concentration of 1S3 (range: 1 mg/ml (1%) to 50 mg/ml (50%)) for 6 h, 24 h and 48 h followed by analyzed cell proliferation by BRDU assay as described elsewhere. Each data point represents the mean and standard deviation from three independent experiments. number of proliferative cells started to decline as follows; 74% and 55%, respectively. Unlike the effect of STE on cell viability, anti-proliferative effects of STE exposure came into effect with longer incubation indicating cell viability independent effect. At 24 h time point, there was no visible difference in the proliferation with 1 mg/ml dose whereas anti-proliferative effects were observed with increasing concentration of STE (68% at 5 mg/ml, 35% at 10 mg/ml, 25% at 25 mg/ml and 22% at 50 mg/ml). At 48 h time point, no effect on proliferation was observed at 1 mg/ml. A dose-related increase in the inhibition of proliferation was observed with increasing concentration of STE as follows (65% at 5 mg/ml, 35% at 10 mg/ml, 30% at 25 mg/ml and 22% at 50 mg/ml). The data here shows a dose and time dependent inhibitory effect on cell proliferation by smokeless tobacco. In conclusion, smokeless tobacco has an effect on cell viability and proliferation indicating our system is responding to the treatment.
Effects of Smokeless Tobacco in the Expression of Genes Associated with Signal Transduction Pathway
Having seen a time and dose dependent response to the treatment, we then wanted to dissect the mechanistic basis for the cellular response. To accomplish this, we targeted 18 different major signal transduction pathways by focusing on 84 genes. Fold differences in the expression of genes with significance were summarized for each time point (Table 1) . One hour after exposure, 23.8% of genes were significantly regulated compare to controls, including genes associated with apoptosis: BAX, BCA2A1, BIRC3, and TNF ( Table 2) . Interestingly, most of those genes (9 out of 11) were down-regulated. Three hours after exposure, 44% of the genes were significantly regulated including cell cycle regular protein CDK2 (p33), CDKN1B (p27), and CDKN2B (p15). In contrast to 1 h exposure, only 5 genes were down-regulated out of 37 (32 up regulated) genes at 3 h exposure. After 6h exposure, overall 21.4% genes were significantly changed including BIRC3, CDK2 (p33), and VEGFA. However, only one gene, which is HOXA1, was down-regulated at this time point. However, this gene remained significantly up-regulated at 1h and 3h time points. With respect to long term STE exposure (24 h exposure), 28.5% genes were significantly regulated; only 5 genes out of 24 (19 up-regulated) were down regulated. This up-regulation includes BIRC3, inflammation-associated genes such as IL-8, SELE, IL1A, and TNF-α. Overall, pathways associate with inflammation, cell adhesion, cell cycle regulation, and apoptosis were mostly affected with the treatment. There are 8 key genes that play a vital role in inflammation that were significantly regulated with the treatment (Figure 3) including IL-8, IL-1A, LTA, MMP10, NOS2, PTGS2 (COX-2), SELPLG, and TNF-α.
Smokeless Tobacco Induced Apoptosis by Regulating Anti/Pro-Apoptotic Genes
We extended this study to investigate apoptosis as data from the signal transduction pathway indicated an involvement of apoptosis-associated genes in response to smoke exposure. This was accomplished by incubating cells with the STE treatment for 6 h, 24 h and 48 h. No apoptosis was seen with 6 h incubation. However, STE treated cells had remarkable induction of apoptosis at 24 h time point, as estimated by the percentage of Fluorescein positive cells compared to control cells (Figure 4) . This observation remained the same for 48 h time point. In fact, induction of apoptosis was recently reported after exposure to STE, but the understanding on its mechanistic basis was very minimal [16] [18]). In an effort to gain more understanding of the mechanism with a particular interest on gene expression, we analyzed the apoptosis pathway by focusing on 84 genes that are closely associated with apoptosis. Consistent with the findings of our protein analysis, down-regulation of caspase-3 gene at 24 h exposure was observed. BIRC3, BNIP1, HRK, TP53BP2, TRAF3 and TRAF4 are the most notable genes with more than a two-fold difference identified ( Table 3) . In contrast to up-regulated genes, more genes were down-regulated over two-fold at 24 h. Some of the prominent genes at this time point were CARD6, CASP1, CASP4, CASP6, and CASP10.
Discussion
Epidemiological studies suggest an association between the use of smokeless tobacco (ST) and occurrence of head and neck cancer. In the recent past, a number of studies highlighted the biological effects of ST, indicating its role in carcinogenesis. However, there were no previous studies conducted aimed at understanding the molecular mechanism, particularly emphasizing gene expression. Lack of a proper model system to study the biological effects of ST further prevented the progress of work in this field. Oral epithelial cells are not only the first Figure 3 . Expression pattern of genes associated with Inflammation. Fold expression of genes with respect to control are plotted against exposure time. Cells exposed at 10 mg/ml of 1S3 for indicated time points followed by analyzed as described elsewhere. The indicated genes demonstrated significant change at least in one time point. Data represents three independent experiments.
(a) (b) Figure 4 . DNA double strand break result from IS3 exposure. HGEP cells were incubated with 1S3 at the dose of 10 mg/ml for 48 h followed by analysis of apoptosis with TUNEL assay. The arrow indicates the TUNEL positive nuclei (apoptotic cells).
element of defense against toxicants, but they are also the most pathologically insulted tissue in the oral cavity in the event of consistent exposure to toxicants like tobacco. Therefore, this makes the most appropriate model system to study smoke induced biological effects. The reason to create a differentiated cell layer from primary oral epithelial cells was to closely mimic oral tissue. Previous studies with ST products have been conducted on monolayers of primary cells, which does not support a keratinized layer. By creating a keratinized layer, we expected cells to act and respond in a more pathologically and physiologically similar manner to oral tissue of the smoker. In this study, we look into transcriptional changes as a result of exposure of oral epithelial cells to STE.
In the acute phase of exposure, marked reduction in gene expression suggested a cessation of many cellular activities. At this time, the majority of regulated genes were down-regulated. Interestingly, the same observation was recently seen when cigarette smoke was introduced into differentiated bronchial epithelial cells [29] . The evaluation of a set of relevant genes involved in biological pathways provides more meaningful and comprehen-sive analysis than assessing gene by single basis. Analyzing the effect of STE on 18 different signal transduction pathways provided valuable targets that help us understand the mechanistic basis of the effect. ST is composed of a complex mixture of ingredients including 23 different carcinogenic substances. Some of the composites such as polycyclic aromatic hydrocarbons (PAH) and nitrosamines have multiple effects on various genes in the system [30] . This explains the significance of analyzing the genes as a group rather than on an individual basis.
The cell cycle regulatory proteins such as CDK2 (p33), CDKN1B (p27), and CDKN2B (p15) are implicated in the disease process of oral cancer [31] - [33] . Exposure to STE significantly altered the expression of the genes encoding these proteins, particularly in the early phase of exposure. Induction of cell cycle regulatory proteins may have led to increased cell proliferation (short time incubation). With higher concentration, anti-proliferative effects dictated, with no significant change in the up regulation of cell cycle regulatory genes. Therefore, STE induces cell proliferation at lower doses, whereas higher concentrations had an anti-proliferative effect. Interestingly, consistent with our observation, Rohatgi et al. recently reported an induction of proliferation with lower concentration and inhibitory effect with higher concentration [22] . AP-1, a transcription factor comprised primarily of c-JUN and Fos family protein regulates gene involved in cell proliferation in epithelial cells [34] . Induction of c-JUN and Fos in this study may partly be linked with induction of cell proliferation with low dose of STE.
Genes associated with the PI3K/Akt pathway such as Bcl-2, FNI, c-JUN, MMP-7, and MYC were significantly up regulated during the course of the experiments This suggests a possible activation of the pathway as a response to the treatment. The same gene activation was observed when cancer cell lines derived from head and neck cancer patients were exposed to STE [35] . Nicotine, one of the major components of STE can induce the PI3K/Akt pathway [36] . However, we cannot confirm that the activation of the Akt pathway by smokeless tobacco in our study is directly/indirectly linked with nicotine. Molecules that inhibit activation of PI3K/Akt pathway are likely to have the potential for prevention of ST-induced health risk. COX-2, a pro-inflammatory gene is associated with the early stages of tumorgenesis. Recent studies have shown that ST exposure on oral epithelial cells results in up-regulation of COX-2 [8] . In light of this knowledge, expression of COX-2 in our study might have a role in carcinogenesis.
Inflammation associated genes in addition to COX-2 such as SELPLG, IL-8, TNF-a, and IL-1a were significantly up regulated in response to smokeless tobacco exposure, suggesting a role in inflammation. Recently, when human bronchial epithelial cells were exposed to cigarette smoke, an up regulation of IL-8, SELPLG, MMP10 and LTA was observed [24] .
A number of reports suggest that smokeless tobacco-induced toxicity in various oral cell types including hamster cheek pouch cells, primary culture of keratinocytes, and EBV-infected B cells is mediated through the induction of apoptosis [37] . Mechanistically, the induction of apoptosis as a result of STE exposure was suggested to be associated with the modulation of nitric oxide [18] , oxidative stress [16] , and osmotic stress [37] . Components in STE are implicated in the activation of Cytochrome-c, an activator of the intrinsic pathway of apoptosis, with the production of superoxide anions [16] . Further, production of reactive nitrogen species (ROS) and nitric oxide (NO) following exposure to STE was described [38] . We did not analyze the ROS and anions in our system, but we speculate that oxidative stress is more likely the mechanism that leads to promoting apoptosis through ROS and/or with anions. This is further supported by findings of significant up regulation of NOS2 (nitric oxide synthase), which helps synthesize NO (nitric oxide) at the RNA level as a result of STE exposure in our system (40 to 20 times higher production with significance compare to control at 1 h and 3 h respectively). We were unable to see any apoptotic induction with the treatment before 24 h at the protein level. This finding is in line with a report that showed that induction of apoptosis with the same product (1S3) started from 48 h and remained as so until 96 h suggesting STE induced apoptosis is a late event [18] .
In summary, in this study, a set of biologically relevant genes was examined by qRT-PCR array analysis to generate comprehensive information for potential biomarkers. Our data indicate that the active exposure of differentiated oral epithelial cells to STE leads cells to express gene profiles for specific signal transduction pathways in a time and dose dependent manner. Signaling pathways involving cell cycle regulation, apoptosis, cellcell adhesion, and inflammation were modulated with the treatment. Data presented here are more consistent with reports demonstrating that STE can induce the Akt pathway and modify cellular function. Although these observations are promising, studies are under way to see the extent of phosphorylation of those gene that are regulated in this experiment as a way to further understand the effect of smokeless tobacco on oral epithelial cells at the protein level. These studies provide the basis for mare detailed analysis into the underlying mechanisms by which STE affects cellular activities. More importantly they provide a foundation upon which to determine which of the individual constituents in complex STE are differentially responsible for pathway activation. This type of information is extremely important in studies aimed at reducing the exposure risk of ST users in in absence of complete cessation of tobacco product use.
